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Introduction
The Brasília belt, a typical orocline, forms together with the Araguaia and Paraguay belts, the Tocantins province, the main orogenic unit stretching between the Amazon and São Francisco cratons, in central Brazil ( Fig. 1a ; Almeida et al., 1981) . The province derives from the collision of the Amazon and São Francisco paleo-continents with participation of the Paraná continental block, and is a remnant of the ~ 750-510 Ma Brasiliano orogenic cycle responsible for amalgamation of the western Gondwana supercontinent (Trompette, 1994) . The Paraná block comprises the lithosphere flooring the Paraná basin ( Fig. 1a ; Mantovani et al., 2005) .
The Brasília belt comprises three fault-bounded longitudinal lithotectonic domains: the Magmatic Arc, the Internal Zone, and the External Zone ( Fig. 1b ; Fuck et al., 1994 Fuck et al., , 2006 . The Distrito Federal of Brasília (DF) lies in the centre of the External Zone (EZ) . Approximately at the latitude of Brasília, the belt becomes divided into the NE-trending northern segment and the SE-trending southern segment (Marini et al., 1984) . The axial surface of the orocline is along the Pirineus Zone of High Strain (PZHS), a WNW-ESE striking narrow zone of high strain coincident in the field with an array of magnetic lineaments [ ~300-km-long; ~ 10-km-wide; aeromagnetic data in Blum (1995) ]. The PZHS rotated the lithostructural grain (S₀-S₁/S₂) in the rocks of both the Internal and External zones, but its effects die out close to the western margin of the Brasília dome, which is the main geological feature inside the DF area (Fig. 2) .
For three reasons the evolution of the Brasília dome, oroclinal bending and the PZHS must have been closely related: (1) in despite of oroclinal curvature, a vast inventory of structural data (D'el-Rey Silva and Barros Neto, 2002; D'el-Rey Silva et al., 2004 ; other references therein) show the persistence of D₁-D₂ ductile flow in the WNW-ESE direction across the belt, north and south of the PZHS; the direction for D₃ shortening is the same for D₁-D₂ in the northern segment, whereas in the southern segment the D₃ folds, foliations and faults which deform D₁-D₂ tectonites record SW-NE contraction (Fig. 1b) ; (2) the structures deforming the rocks in the Brasília dome and surroundings (Freitas-Silva and Campos, 1995; preparation) record progressive D₁-D₃ ductile flow and contraction in the WNW-ESE direction; and (3) the structural data in the area SW of the Brasília dome (this study) define a Box-junction Zone (Fig. 2) inside which is evident the superposition of structures due to shortening oriented SW-NE, typical of D₃ in the southern segment of the belt, upon D₁-D₃ structures which imply progressive WNW-ESE shortening typical of both the dome and the northern segment of the Brasília belt. Marini et al., 1984; Fuck et al., 1994 Fuck et al., , 2006 Dardenne, 2000) emphasizes the lithotectonic domains and the bend of the Brasília belt. Arrows for D]-D₂ and D₃ regional shortening are based on detailed studies (D'el-Rey Silva and Barros Neto, 2002; D'el-Rey Silva et al., 2004 and references therein) . Arrows for tectonic vergence are from plate-scale syntheses (e.g., Marini et al., 1984; Trompette, 1994) . Areas J, K, and O are discussed in text.
The data bring to light compelling evidence that two perpendicular shortenings co-existed during D₃, in space-and-time, here-in-after referred as D₃ɴ and D₃S respectively for shortenings oriented WNW-ESE and SW-NE.
This study complements the structural analysis recently carried out across the DF area, after which the information collected in other 50 outcrops (Fig. 2) provided information enough to constrain the structural evolution of the Brasília dome.
Coupled with a larger database which includes published U-Pb age data of syn-and post-tectonic granites throughout the Brasília belt, the new structural data support previous interpretation that oroclinal bending and the PZHS fit very well in events related to the first stage of evolution of the Paraná block and Paraguay belt (D'el-Rey Silva et al., 2004 ; place the evolution of the Brasília dome as slightly older than the PZHS; and allow interpreting the Brasilia belt and the Tocantins province due to the collision of irregular continental margins.
Summary of the regional geology and tectonic setting
The Brasília belt includes (Fuck et al., 1994 (Fuck et al., , 2006 Dardenne, 2000;  or as otherwise referenced): 1 -a continental crust basement comprising Archean and Paleoproterozoic high-and low-grade rocks, as well as metavolcanosedimentary rocks of an event of intracontinental rift ca. 1.75 Ga ago; 2 -metasedimentary rocks of the Paranoá and Canastra Groups respectively record proximal-and distal-like sequences of a Meso-Neoproterozoic passive continental margin that existed along the São Francisco paleocontinent. They occur in both the External and Internal Zones ( Fig. 3 ; Moreira et al., 2008; D'elRey Silva et al., 2004 ; and 3 -amphibolite-greenschist facies metamorphites derived from intrusive and volcanic and sedimentary rocks which compose the (intra-oceanic) Magmatic Arc and also the Araxá Group (back-arc basin; Fig. 3 ). Sm-Nd isotopes point to at least two superposed island arcs and back-arc basins, and for arcs-continent collage ca. ~750 Ma and 645-640 Ma, when actually started the collision involving the Amazon and São Francisco paleocontinents (Fuck et al., 1994 (Fuck et al., , 2006 . Metacarbonate and metasiliciclastic rocks (Bambuí and Ibiá Groups) complete the Neoproterozoic record and represent sedimentary input from the arc and the craton.
Granulite facies rocks displaying ~750 and ~645-635 Ma ages of high P-T metamorphism record subduction zone conditions. The older granulites occur in a series of three mafic-ultramafic layered complexes north of the PZHS (a very small part of the southernmost of these complexes, named Barro Alto, is seen in the NW corner of the map in Fig. 3 ). The younger are represented by ortho-and para-derived granulites which occur (Della Giustina, 2010) in the Uruaçu Complex (northern segment of the belt) and in the Anápolis-Itauçu Complex (Fig. 3) .
D₁-D₂ nappes of Canastra and Araxá rocks propagated towards ESE, onto the San Franciscan margin, and surround the DF area ( Fig. 3 ; Faria, 1995; Faria et al., 1997) . In the southern and southernmost parts of the Brasília belt the D₁-D₂ nappes propagated lately, ~ 640-635 Ma ago (Valeriano et al., 2000 (Valeriano et al., , 2004 coevally with the younger even of granulitization. Fig. 2 . Simplified structural map emphasizing the lithostructural grain (S₀-S₁/S₂); the Brasília dome (outlined by heavyblack lines); and the easternmost part of the Pirineus Zone of High Strain (PZHS). Note the 24 outcrops studied in detail (this paper) and other 50 outcrops described previously. The Box-Junction Zone is explained in text.
It is well-accepted that the Brasilia belt records (Fuck et al., 1994 (Fuck et al., , 2006 Dardenne, 2000) polydeformation of Neoproterozoic age, whereas the southernmost end of the Brasilia belt was completed solely in EoPaleozoic times. In fact, in that part, the high P-T basement rocks of the Socorro-Guaxupé nappes propagated to ENE, 550-510 Ma ago, onto (D₁-D₂-D₃S) Neoproterozoic tectonites ( Fig. 4 ; Valeriano et al., 2004; Campos Neto and Caby, 1999) . The youngest time interval is basically the same for deformation in the Paraguay belt and also fits the obduction of the ~750 Ma old Quatipuru ophiolites onto a ~ 540 Ma old carbonate platform in the western margin of the Araguaia belt (Paixão et al., 2008) .
Geological background for the Distrito Federal area

Lithostratigraphy overview
The DF area encloses metasedimentary tectonites of the Paranoá, Canastra, Araxá and Bambui Groups ( Fig. 3 ; Faria, 1995; Faria et al., 1997; Campos, 1995, 1998) . The D₃ɴ-related Brasilia dome (Freitas-Silva and Campos, 1995; D'el-Rey Silva et al., in preparation) is cored by sub-greenschist facies rocks (Paranoá Group) and mantled by lowgreenschist and greenschist facies rocks (Canastra and Araxá nappes, respectively). Rocks of both nappes occur imbricate in the SW surroundings of the DF area (Fig. 3) . Low-grade metacarbonate rocks (Bambui Group) spread from the eastern limb of the Brasília dome towards the EZ-São Francisco craton border and beyond.
The Paranoá Group is a psamo-pelitic and carbonated regional sequence comprising slate, meta-argillite, metasiltite, quartzite and metacarbonate divided into several units (Faria, 1995) though in regional-scale maps, even around the Brasília dome, solely two or three units have been individualized, however (Moreira et al., 2008) .
The Canastra Group has been divided into two sequences, one comprised of Quartz-sericite-chlorite phyllite with quartzite intercalations, another of carbonaceous phyllite with thin intercalations of mica-quartzite and metasiltite ( Fig. 3 ; Moreira et al., 2008) . In the DF area, the Canastra Group consists of yellowish-brown to light-grey colored quartz-sericite-chlorite phyllite locally exhibiting intercalated layers of thinly laminated quartzite, local carbonate-bearing schist, and lens of metacarbonate.
The Araxá Group comprises grey-green color muscovite-biotite schist (locally garnet-bearing) with lenses of quartzite and carbonate, and bodies of sheared metamafic igneous rocks.
Structures and structural evolution of the Brasília dome
After studying the Paranoá rocks in the Brasília National Park (northern part of the DF area; Fig. 3 ) Freitas- Silva and Campos (1995) concluded that rocks in the Brasília dome record: (1) three phases (D 1 -D₃) of overall E-W regional shortening, and a phase of N-S shortening (D₄); (2) local shear zones of small or negligible strike-slip (D₅); (3) fractures and normal faults of minor effect (D₆). Freitas- Campos (1995,1998 ) defined a larger F3 synform controlling the Canastra nappes inside the DF area (Fig. 3) and interpreted the Brasília dome as a feature of F3 x F4 folding interference. In reality, structural studies carried out in 100's of outcrops during the last decade across the External Zone ( Fig. 1b; rectangles J, K, and O) plus the structural analysis based on 50 outcrops across the DF area ( Fig. 2 ; Lemos et al., 2008; D'el-Rey Silva et al., in preparation) produced a large database which demonstrate a far more complete evolution. Moreover, the data show that the F₃ɴ TE folds are very tight solely along the northern part of the Brasília dome, indicating the latest N-S horizontal shortening (D₃ɴ TE ) strong in that part of the area and vanishing progressively to the south, across the dome, probably requiring the addition of another factor to the simple tectonic escape.
The greater magnitude of the latest N-S shortening in the northern part of the Brasília dome has been attributed to the uplift of crystalline basement rocks in the core of large-scale D₃ɴ hinges in the area of Cavalcante, ~300 km north of Brasília (Fig. 1b ). This interpretation is highly recommended because high-resolution satellite images (Moreira et al., 2008) display NNE-SSW continuous hinges of F₃ɴ regional folds plunging to SSW, all across the northern segment of the External Zone, and show these hinges shortened N-S by F₃ɴTE-like folds solely in the narrow corridor limited to the south and north respectively by the towns of Brasília and Cavalcante, and to the east and west respectively by the areas labeled J and K (Fig. 1b) . The data from the two latter areas show the lack of latest N-S shortening of large magnitude. Such outcrops do not display any evidence of SW-NE shortening (D₃S) either, therefore establishing a northern limit for the occurrence of D₃S structures.
Similarly, a southern limit can be established for the occurrence of F₃ɴ folds, on the basis of the lack of these folds in a series of eleven outcrops (numbered 6-16) west of Luziânia. Foliation S₃ɴ barely occurs in just two of these road-cuts (Figs. 10 and 11), however.
Phase D]
This phase is mostly represented by foliation S₁ and rare F1 folds. They deform the sedimentary bedding (S₀) which is easily recognized in the outcrops.
In Paranoa siliciclastic rocks, S 0 is defined by the intercalation of compositionally distinct layers. In carbonate rocks, the best indicators are mmto dm-thick layers of metamarl interleaved with layers of metacarbonate. Foliation Si is sub-parallel to S₀ and varies in intensity and morphology.
In rocks of the nappes, S] is the most prominent planar feature, but the definition of S₀ is possible because these rocks commonly exhibit intercalated strata (quartzite or metacarbonate) parallel to the layers of schist or phyllite. In these rocks, S₁ is commonly marked by micaceous minerals (chlorite, white mica)
respectively sized ~ 1 mm and ~ 1 cm. Biotite is also found along Si in the Araxa schist. S₁ commonly displays S-C geometry, with the plane of flow (C) coincident with the bedding. Lens-shaped, mm-to cm-thick bodies of quartz may be found along C surfaces (e.g. in outcrop 6).
Identification of S₁ was not priority in Paranoa rocks because it has been done in several outcrops across the dome (D'el-Rey Silva et al., in preparation; Campos, 1995, 1998) . The few examples of F1 folds (seen inside the dome) are isoclinal and intrafolial relative to S₀. Thrust faults locally seen (outcrops 1 and 17) exhibit short traces in the road-cuts and their attitude is indicative of WNWeESE shortening. 
Structures evidencing SW-NE (D₃ ₃ ₃ ₃S) shortening
Structures such as folds (F3S) and their axial planar foliation (S₃S)
constitute the main evidence of shortening in the SW-NE direction (D₃S). In outcrops closer to the Brasília dome (e.g., 1-4, 21 and 22) they are observable upon detailed observation, although in outcrop 21 they are large-scale and quite evident (Fig. 8) .
Otherwise, F 3S folds dominate in outcrops away from the dome (e.g. 6-16 west of Luziânia; see Figs. 10 and 11). They are sized from few centimeters up to 100's meters, trend NW-SE, are mostly upright to steeply-inclined, generally verging to NE (Fig. 5g-h) , and normally display an axial planar foliation (S₃S) characterized by surfaces of 1-10 cm-spaced cleavage.
The ratio between the folds height and width (the aspect ratio by Twiss and Moores, 1992) is larger in outcrops 6-16 and the S₃S surfaces become much more evident there than elsewhere, indicating increasing intensity of shortening D₃S towards the south-ernmost part of the area.
Folds F 3S refold both D₂ and D₃ɴ structures. Coaxial patterns of folding interference were noticed due to the oblique orientation of certain road-cuts (e.g. in Fig. 9a-b ) but may form where fold axes B2 and B3S are sub-parallel.
Interference patterns of type 2 (Ramsay, 1967) are spatially reconstructed ( Fig.   9c ) and are expected to form due to the original orientation of F₂, F₃ɴ and F 3S
fold axes and respective axial surfaces.
Outcrops 2,3,10,11 and 13 fall in a slice of Araxá schist imbricate within Canastra rocks (Fig. 3) therefore indicating the existence of thrust faults. At three different parts of outcrop 2 (a ~ 50 x 50 m large exposure) the schist dips 22° to SW and contains large crystals of muscovite marked by two sets of striations oriented respectively ESE and ENE. The ESE-trending ones are taken as evidence of D₁-D₂ flow, the others as evidence of D₃S flow.
Discussion
Structural evolution
The top-bottom stacking of Araxá schist, Canastra phyllite, and Paranoá The preservation of the WNW-ESE direction of the stretching lineation (Lx) across the Brasília belt, even after orocline bending, was possible because shortening D₃S was perpendicular to the direction of ductile flow responsible for D₁-D₂ tectonites, conse-quently the parallelism of fold axis B3S with Lx is common in the field (e.g. outcrops 10 and 14; Fig. 11 ). These outcrops demonstrate the same relationship (B3S/Lx) deduced previously, but on an indirect basis, around the Caldas Novas dome (Fig. 3) , where the L2 stretching (Pimentel et al., 1999; Valeriano et al., 2004) .
The age interval for deformation D₃S (~ 630-590 Ma) and the D₃ɴ x D₃S co-existence are constrained by the following U-Pb age data and structural relationships: (1) emplacement of Araxá nappes ~640-635 Ma ago, in the southern segment of the Brasília belt (Valeriano et al., 2000 (Valeriano et al., , 2004 ; and (2) exhumation of granulites ~ 630-620 Ma ago in both the northern and southern segments of the belt, respectively due to D₃ɴ and D₃S, because (as already discussed) the PZHS rotates the whole granulite belt and encloses the ~ 620
Ma old Itapuranga granite.
Thus, although D₃S overprints D₃ɴ structures, these two shortenings must have been coeval during granulite exhumation because the SW-NE direction of shortening is remarkably the same recorded by regional folds deforming the D₁-D₂ tectonites further south-southwest of the DF area, up to Caldas Novas and Ipameri (Fig. 3) and beyond, around Araxá and Capitólio (Fig. 4) , and the structural data reported for these areas (D'el- Rey Nevertheless, the EoPaleozoic events in the very southern end of the Brasília belt (Fig. 4) and the obduction of the Quatipuru ophiolite ~540 Ma ago (Paixão et al., 2008) justifies further discussing whether the lower age for D₃S is actually 590-580 Ma or 540-510 Ma (section 5.5). Francisco always along a WNW-ESE-trending route of collision (Fig. 12 a-b) .
Tectonic model
As explained ahead, the crystallization age of ~ 780-750 Ma for the Quatipuru ophiolite and its obduction ~540 Ma ago onto a carbonate platform (Paixão et al., 2008 ) make necessary envisaging the very beginning of Asubduction of the Amazon paleo-continent, by the time the magmatic arc was pushed against São Francisco paleocontinent margin, leading to the blanket of nappes on the sites of the future Internal and External Zones, until the area of the future Distrito Federal (Fig. 12b) . Furthermore, if nappes propagated ~ 640-635 Ma ago onto the southern paleomargin (Valeriano et al., 2004 ) the ocean remained opened south of the locking point 1 (Fig. 12b) strongly suggesting control by the irregular margin of the São Francisco paleocontinent about the Distrito Federal latitude (Pimentel et al., 1996b) .
A diachronous opening of the Quatipuru ocean towards the south is physically required, since ~750 Ma ago, should the ocean to the south of locking point 1 continues to close (Fig. 12c ). This means: despite the Araguaia belt consists of ~630 Ma old tectonites the Estrondo Group (Paixão et al., 2008) should not be a surprise if metamorphism as old as ~ 750 Ma come to be futurely known in rocks of that belt.
Should the ocean close entirely and collision continues to the south, the Quatipuru ocean spreading must reach locking point 1. The Amazon paleocontinent situated west of the Quatipuru ocean is then pulled farther into subduction, moving to point 2 for pushing younger Di-D₂ nappes onto the southern paleomargin, coevally with granulite facies metamorphism of supracrustal rocks carried to depth into the subduction zone. Francisco paleomargin. Shortening D₃S was brought to the tectonic scenery since about ~ 635 Ma ago (Fig. 12e) when the Paraná block drifted-apart and followed along a SW-NE path for A-subduction beneath the São Francisco paleomargin.
Further discussing the timing for deformation D₃ ₃ ₃ ₃S
Despite of the several structural and geological reasons for shortenings D₃ɴ and D₃S co-exist in the ~635-590/580 Ma age interval (previous section)
whether the lower limit of age for shortening D₃S is ~590 or ~540 Ma still demands a more detailed analysis. 
Oroclinal bending, PZHS, Brasília dome and box-junction zone
Among the large variety of mechanisms capable of producing an orocline (Sussman and Weil, 2004) The Brasília dome and the D₃ɴ structures must have evolved (Fig. 12d) lately in the ~ 630-625 Ma age interval, coevally with granulite exhumation but before the PZHS' onset, whereas the Box-Junction Zone (Fig. 2 ) evolved in the 625-620 Ma age interval, shortly after the dome's uplift and shortly before orocline bending and the PZHS (Fig. 12e) .
Conclusions
The 
